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3UBMITTED TO 0ROCEEDINGS OF THE .ATIONAL !CADEMY OF 3CIENCES OF THE 5NITED 3TATES OF !MERICA
'EOLOGICAL RECORDS FROM THE !NTARCTIC MARGIN OFFER DIRECT EVIDENCE
OF ENVIRONMENTAL VARIABILITY AT HIGH SOUTHERN LATITUDES AND PROVIDE
INSIGHT REGARDING ICE SHEET SENSITIVITY TO PAST CLIMATE CHANGE 4HE
EARLY TO MID-IOCENE  TO  MILLION YEARS AGO	 IS A COMPELLING
INTERVAL TO STUDY AS GLOBAL TEMPERATURES AND ATMOSPHERIC #/
CONCENTRATIONS WERE SIMILAR TO THOSE PROJECTED FOR COMING CEN
TURIES )MPORTANTLY THIS TIME INTERVAL INCLUDES THE-IOCENE #LIMATIC
/PTIMUM -#/	 A PERIOD OF GLOBAL WARMTH DURING WHICH AVERAGE
SURFACE TEMPERATURES WERE  TO r# HIGHER THAN TODAY -IOCENE
SEDIMENTS IN THE !.$! DRILL CORE FROM THE 7ESTERN 2OSS 3EA
!NTARCTICA INDICATE THAT THE !NTARCTIC )CE 3HEET !)3	 WAS HIGHLY
VARIABLE THROUGH THIS KEY TIME INTERVAL ! MULTIPROXY DATASET DE
RIVED FROM THE CORE IDENTIlES FOUR DISTINCT ENVIRONMENTAL ಯMOTIFSರ
BASED ON CHANGES IN SEDIMENTARY FACIES FOSSIL ASSEMBLAGES GEO
CHEMISTRY AND PALEOTEMPERATURE &OUR MAJOR DISCONFORMITIES IN
THE DRILL CORE COINCIDE WITH REGIONAL SEISMIC DISCONTINUITIES AND
REmECT TRANSIENT EXPANSION OF GROUNDED ICE ACROSS THE 2OSS 3EA
4HEY CORRELATE WITHMAJOR POSITIVE SHIFTS IN BENTHIC OXYGEN ISOTOPE
RECORDS AND GENERALLY COINCIDE WITH INTERVALS WHEN ATMOSPHERIC
#/ CONCENTRATIONS WERE AT OR BELOW PREINDUSTRIAL LEVELS ∼
PPM	 &IVE INTERVALS REmECT ICE SHEET MINIMA AND AIR TEMPERATURES
WARM ENOUGH FOR SUBSTANTIAL ICE MASS LOSS DURING EPISODES OF HIGH
∼ PPM	 ATMOSPHERIC #/ 4HESE NEW DRILL CORE DATA AND ASSO
CIATED ICE SHEET MODELLING EXPERIMENTS INDICATE THAT POLAR CLIMATE
AND THE !)3 WERE HIGHLY SENSITIVE TO RELATIVELY SMALL CHANGES IN
ATMOSPHERIC #/ DURING THE EARLY TO MID-IOCENE
!NTARCTICA | )CE 3HEET | #LIMATE /PTIMUM | 2OSS 3EA | -IOCENE
)NTRODUCTION
,OPXMFEHF SFHBSEJOH "OUBSDUJD *DF 4IFFU 	"*4
 SFTQPOTF UP
XBSNJOH DMJNBUF JT PG GVOEBNFOUBM JNQPSUBODF EVF UP UIF SPMF
JDF TIFFUT QMBZ JO HMPCBM TFB MFWFM DIBOHF 1BMFPFOWJSPONFOUBM
SFDPSET GSPN&BSUIಬT QBTU PGGFS BNFBOT UP FYBNJOF"*4 WBSJBCJMJUZ
VOEFS QBTU DMJNBUJD DPOEJUJPOT UIBU XFSF TJNJMBS UP UPEBZ BOE
UIPTF QSPKFDUFE GPS UIF OFYU TFWFSBM EFDBEFT 	 
 *O UIJT SFTQFDU
UIF FBSMZ UP NJE.JPDFOF JT B DPNQFMMJOH JOUFSWBM UP TUVEZ BT
QSPYZ SFDPOTUSVDUJPOT PG BUNPTQIFSJD $0 BMCFJU VODFSUBJO TVH
HFTU UIBU DPODFOUSBUJPOT HFOFSBMMZ WBSJFE CFUXFFO QSF JOEVTUSJBM
MFWFMT 	1"-QQN
 BOE WBMVFT BU PS BCPWF QQN 	
 "E
EJUJPOBMMZ HMPCBM NFBO TVSGBDF UFNQFSBUVSF EVSJOH QFBL.JPDFOF
XBSNUI XBT VQ UP  UP  EFHSFFT IJHIFS UIBO UPEBZ 	
 TJNJMBS UP
ಫCFTUFTUJNBUFಬ UFNQFSBUVSFT FYQFDUFE CZ  VOEFS UIF IJHIFTU
QSPKFDUFE HSFFOIPVTF HBT DPODFOUSBUJPO QBUIXBZ 	3$1 
 	 

'JOBMMZ .JPDFOF HFPHSBQIZ XBT TJNJMBS UP UPEBZ 	
 BOE NBKPS
DJSDVN"OUBSDUJD PDFBOJD BOE BUNPTQIFSJD DJSDVMBUJPO QBUUFSOT
UIBU EPNJOBUF UIF NPEFSO 4PVUIFSO 0DFBO XFSF XFMM FTUBCMJTIFE
	 

.VDI PG PVS VOEFSTUBOEJOH SFHBSEJOH "*4 IJTUPSZ UISPVHI
UIF FBSMZ UP NJE.JPDFOF DPNFT GSPN GBS GJFME SFDPSET GSPN
EFFQ PDFBO CBTJOT #FOUIJD PYZHFO BOE DBSCPO JTPUPQF QSPYJFT
GPS HMPCBM QBMFPDMJNBUF TVHHFTU UIBU FBSMZ UPNJE.JPDFOF DMJNBUF
BOE HMBDJBM FOWJSPONFOUT XFSF IJHIMZ WBSJBCMF 	
 5IFTF
SFDPSET JODMVEF FWJEFODF GPS NBKPS USBOTJFOU HMBDJBM FQJTPEFT BOE
TFB MFWFM GBMM JOUFSWBMT PG SFMBUJWF JDF TIFFU TUBCJMJUZ BOE QFSJPET
PG DMJNBUJD XBSNUI XJUI NBKPS JDF TIFFU SFUSFBU BOE TFB MFWFM SJTF
'VSUIFSNPSF SFDPOTUSVDUJPOT GSPN TFEJNFOUBSZ TFRVFODFT PO UIF
.BSJPO 1MBUFBV PGGTIPSF /& "VTUSBMJB 	
 BOE /FX +FSTFZ
NBSHJO 	
 TVHHFTU TFB MFWFM WBSJFE CZ VQ UP  N &QJTPEFT PG
TFB MFWFM NBYJNB 	 N
 TVHHFTU MPTT PG "OUBSDUJDBಬT NBSJOF
3IGNIlCANCE
.EW INFORMATION FROM THE !.$! DRILL CORE AND A COMPLE
MENTARY ICE SHEET MODELLING STUDY SHOW THAT POLAR CLIMATE
AND !NTARCTIC )CE 3HEET !)3	 MARGINS WERE HIGHLY DYNAMIC
DURING THE EARLY TO MID-IOCENE #HANGES IN EXTENT OF THE
!)3 INFERRED BY THESE STUDIES SUGGEST THAT HIGH SOUTHERN LATI
TUDESWERE SENSITIVE TO RELATIVELY SMALL CHANGES IN ATMOSPHERIC
#/ BETWEEN  AND  PPM	 )MPORTANTLY RECONSTRUCTIONSTHROUGH INTERVALS OF PEAK WARMTH INDICATE THAT THE !)3 RE
TREATED BEYOND ITS TERRESTRIAL MARGIN UNDER ATMOSPHERIC #/CONDITIONS THAT WERE SIMILAR TO THOSE PROJECTED FOR THE COMING
CENTURIES
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&IG  ! -AP SHOWING 2OSS 3EA AREA INSET	 AND !.$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3TRATIGRAPHIC SUMMARY OF LOWER  M OF !.$!  TO  MBSF	 SHOWING  SEDIMENTARY CYCLES 'LACIAL PROXIMITY CURVE TRACKS RELATIVE POSITION OF
THE GROUNDING LINE THROUGH ICECONTACT )	 ICEMARGINAL )-	 ICEPROXIMAL 0	 ICEDISTAL $	 AND OPEN MARINE /	 ENVIRONMENTS #ONTINUOUSLY ACQUIRED DATA
SETS INCLUDE MAGNETIC SUSCEPTIBILITY AND .IOBIUM .B	 82&#3 COUNTS #HEMICAL )NDEX OF !LTERATION #)!	 CURVE AND BAR	 INDICATES ARID   BLUE	 AND LESS
ARID   GREEN	 CONDITIONS )NTERVALS OF PEAK PALYNOMORPH CONCENTRATION SHOWN BY ORANGE BOXES &ORAMINIFERA ASSEMBLAGES INCLUDE COLD WATERICE MARGINAL
BENTHIC SPECIES RED CIRCLES	 AND COOL WATER PLANKTONIC SPECIES BLUE CIRCLES	 "LUE BARS  SEAICE DIATOMS -INTERVALS WITH WELLPRESERVED MOLLUSCS 3EA WATER
TEMPERATURE ESTIMATES BASED ON 4%8,BLACK CIRCLES	 AND ˂ BLUE CIRCLES OPEN  LESS WELL PRESERVED SPECIMENS	 %NVIRONMENTAL -OTIF CURVE BASED ON THE
PROXY ENVIRONMENTAL DATA SET # 3CHEMATIC RECONSTRUCTIONS OF REGION AROUND !.$! SHOWING LIKELY CONDITIONS FOR EACH %NVIRONMENTAL -OTIF ))6	
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!  TO  MBSF	 CORRELATED TO THE 'EOMAGNETIC 0OLARITY 4IMESCALE 	 AND SELECTED DATA SETS 3EE &IG  CAPTION
FOR DESCRIPTION OF !.$! DATA ,ETTERS !1 INDICATE POSITION OF KEY AGE MODEL CONSTRAINTS SEE 3) TEXT &IG 3 AND 4ABLE 3 FOR DETAILS	 "ENTHIC ˡ/ AND
ˡ# ISOTOPE DATA WITH MOVING AVERAGES THICK LINES	 FROM )/$0 3ITES 5 AND 5  	 -I EVENTS AFTER 	 AND % OXYGEN ISOTOPE EXCURSION AFTER
	 #-  CARBON ISOTOPE MAXIMA  	 !STERISKS  CARBON MINIMA EVENTS AND INTERVALS OF MAJOR SHOALING OF THE CARBONATE COMPENSATION DEPTH IN THE
EASTERN EQUATORIAL 0ACIlC 	 "OTTOM WATER TEMPERATURE RECONSTRUCTIONS FROM 	 WITH  PT SPLINE SMOOTH RED LINE	NOTE AGE MODEL FROM 	 ADJUSTED
BY∼KYRS FOR SECTION BETWEEN  AND -A	 3EA LEVEL DATA FROM THE -ARION 0LATEAU 	 0ROXY ATMOSPHERIC #/ DATA INCLUDE BORON ISOTOPES 	 BLUE
CIRCLES	 ALKENONES  	 BLACK TRIANGLES	 STOMATA 	 GREEN DIAMONDS	 AND PALEOSOLS ORANGE SQUARES	 4HICK GREY LINE   POINT WEIGHTED AVERAGE 'REY
SHADED ಫBOXESಬ  TIME MISSING IN UNCONFORMITIES -)3! BLUE DASHED LINE	  MAXIMUM ICE SHEET ADVANCE %-)	 BLUE SHADED ಫZONESಬ  COLD POLAR INTERVALS %-))	
07 GREEN DASHED LINE	  0EAK 7ARM INTERVALS %-)6	 /RBITAL ECCENTRICITY AND OBLIQUITY FROM 	 )CE SHEET SIMULATIONS AFTER 	
PG NBYJNVN TFB MFWFM GBMM 	VQ UP N
 TVHHFTU UIBU UIF "*4
PDDBTJPOBMMZ HSFX BOE BEWBODFE BDSPTT DPOUJOFOUBM TIFMWFT
(FPMPHJDBM SFDPSET QSPYJNBM UP "OUBSDUJDBಬT DPBTUBM NBSHJO
QSPWJEF EJSFDU FWJEFODF PG QBTU JDF TIFFU WBSJBCJMJUZ JO SFTQPOTF UP
DIBOHJOH HMPCBM DMJNBUF 5IF "/%" ESJMM DPSF B  NFUFS
MPOH TUSBUJHSBQIJD BSDIJWF PG DMJNBUF BOE JDF TIFFU WBSJBCJMJUZ GSPN
UIF.D.VSEP 4PVOE TFDUPS PG UIF XFTUFSO 3PTT 4FB 	rಬ4
rಬ&
 XBT SFDPWFSFE CZ ESJMMJOH GSPN BO ∼ N UIJDL
GMPBUJOH TFBJDF QMBUGPSN JO  N PG XBUFS MPDBUFE ∼ LJMPNF
USFT PGG UIF DPBTU PG 4PVUIFSO 7JDUPSJB -BOE 	47-
 	'JH "
 	

5IF ESJMM DPSF DPNQSJTFT MPXFS .JPDFOF UP 2VBUFSOBSZ HMBDJBM
NBSJOF TUSBUB EFQPTJUFE JO UIF TUFBEJMZ TVCTJEJOH 7JDUPSJB -BOE
#BTJO 	7-#
	
 1BMFPHFPHSBQIZ XBT CSPBEMZ TJNJMBS UP UPEBZ
BMUIPVHI DPOUJOFOUBM TIFMWFT JO UIF 3PTT BOE 8FEEFMM TFBT XFSF
MJLFMZ TIBMMPXFS 	4* UFYU
 3FDPWFSFE DPSF TFEJNFOUT BOE QSPYJFT
UIFZ DPOUBJO BMMPX VT UP BTTFTT QBTU JDF TIFFU EZOBNJDT BMPOH B
DPBTUBM NBSHJO JOGMVFODFE CZ JDF GMPXJOH GSPN &BTU "OUBSDUJDB
BOE BDSPTT UIF8FTU "OUBSDUJD DPOUJOFOUBM TIFMG 5ISPVHI BOBMZTJT
PG BO JOUFHSBUFE QSPYZ FOWJSPONFOUBM EBUB TFU XF EFSJWF B OFX
FOWJSPONFOUBM SFDPOTUSVDUJPO BOE DPNCJOF UIJT XJUI B TVJUF PG
HMPCBM FOWJSPONFOUBM EBUB UP FTUBCMJTI B IJTUPSZ PG "*4 SFTQPOTF
UP HMPCBM DMJNBUF FWFOUT BOE FQJTPEFT EVSJOH UIF FBSMZ UP NJE
.JPDFOF 5IJT JOUFHSBUFE EBUB TFU BMMPXT VT UP FWBMVBUF LFZ ESJWFST
PG IJHI MBUJUVEF DMJNBUF BOE JDF TIFFU WBSJBCJMJUZ CFUXFFO  BOE
 .B 0VUDPNFT GSPN SFTFBSDI SFQPSUFE IFSF BOE JO B DPN
QBOJPO JDF TIFFU NPEFMMJOH TUVEZ 	
 TVHHFTU UIF "*4 BEWBODFE
BDSPTT DPOUJOFOUBM TIFMWFT EVSJOH DPME PSCJUBM DPOGJHVSBUJPOT BOE
SFUSFBUFE XFMM JOMBOE PG UIF DPBTU VOEFS XBSN PSCJUT 5IJT MBSHF
SBOHF PG "*4 WBSJBCJMJUZ PDDVSSFE VOEFS B SFMBUJWFMZ MPX SBOHF JO
BUNPTQIFSJD $0 DPODFOUSBUJPO 	∼ UP  QQN
 BOE JOEJDBUFT
UIF "OUBSDUJD FOWJSPONFOU XBT IJHIMZ TFOTJUJWF EVSJOH UIF FBSMZ UP
NJE.JPDFOF
2ESULTS
" OFBSDPOUJOVPVT SFDPSE TQBOOJOH  UP ∼ .B JT QSFTFSWFE
JO UIF MPXFS NFUFST PG "/%" 	'JHT # 4 4 5BCMF 4
 "
EJWFSTF SBOHF PG HFPMPHJDBM JOGPSNBUJPO JODMVEJOH QIZTJDBM QSPQFS
UJFT BOE TFEJNFOUPMPHJDBM QBMFPOUPMPHJDBM BOE HFPDIFNJDBM EBUB
XFSF DPMMFDUFE 	TVNNBSJTFE JO 4* UFYU BOE QVCMJTIFE 	 


)FSF XF QSFTFOU OFX EBUB JODMVEJOH TFB TVSGBDF XBUFS 	VQQFS 
N
 UFNQFSBUVSFT 	485T
 EFSJWFE GSPN BSDIBFBM MJQJET 	5&9-

BOE DBSCPOBUF JTPUPQFT 	˂
 XIPMF SPDL JOPSHBOJD HFPDIFNJDBM
EBUB BOE BO JOUFHSBUFE BHF NPEFM BOE PGGFS UIF GJSTU BOBMZTJT PG
B DPNCJOFE QSPYZ FOWJSPONFOUBM EBUB TFU EFSJWFE GSPN "/%
" 	'JHT # 4
 5IFTF QBMFPFOWJSPONFOUBM EBUB BSF VTFE UP
EFGJOF GPVS DIBSBDUFSJTUJD FOWJSPONFOUBM NPUJGT 	&.
 	5BCMF 4

UIBU SFGMFDU EJTUJODU DMJNBUJD BOE HMBDJBM SFHJNFT 	'JH " BOE #

*OUFSWBMT PG NBYJNVN JDF TIFFU FYUFOU BOE DPME QPMBS DPOEJ
UJPOT BSF BTTJHOFE UP &. * 	NBYJNVN JDF
 BOE BSF DIBSBDUFSJTFE
JO "/%" CZ GPVS NBKPS EJTDPOGPSNJUJFT 5IFTF EJTDPOGPSNJUJFT
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